ABSTRACT Dry eye disease (DED) is a chronic and progressive multifactorial disorder of the tears and ocular surface, which results in symptoms of discomfort and visual disturbance. The aim of this systematic literature review was to evaluate the burden of DED and its components from an economic and health-related quality of life (HRQoL) perspective, and to compare the evidence across France, Germany, Italy, Spain, UK, USA, Japan, and China. PubMed, Embase, and six other resources were searched for literature published from January 1998 to July 2013. Of 76 titles/abstracts reviewed on the economic burden of DED and 263 on the HRQoL burden, 12 and 20 articles, respectively, were included in the review. The available literature suggests that DED has a substantial economic burden, with indirect costs making up the largest proportion of the overall cost due to a substantial loss of work productivity. In addition, DED has a substantial negative impact on physical, and potentially psychological, function and HRQoL across the countries examined. A number of studies also indicated that HRQoL burden increases with the severity of disease. Additional data are needed, particularly in Asia, in order to gain a better understanding of the burden of DED and help inform future health care resource utilization.
D
ry eye disease (DED) is a chronic and progressive multifactorial disorder of the tears and ocular surface, which results in symptoms of discomfort and visual disturbance, an unstable tear film, and potential damage to the ocular surface. 1, 2 Two major subtypes of DED have been defined: aqueous tear-deficient DED and evaporative DED. Aqueous tear-deficient DED is subdivided into Sjögren syndrome (SS) DED and non-SS DED. 2 The most common cause of evaporative DED is meibomian gland dysfunction (MGD). 2 The prevalence of DED appears to increase with age, and has been reported to range from 5% to 33% of the adult population worldwide, 3, 4 making it an important public health concern.
DED symptoms include irritation, stinging, dryness, ocular fatigue, and fluctuating visual disturbances.
1,2 These symptoms are likely to considerably impact a patient's quality of life (QoL), particularly because many patients will experience discomfort and visual problems over long periods of time. DED also is associated with an economic burden on patients, the health care system, and society as a result of direct medical costs relating to health care professional visits, pharmacologic therapies, and surgical procedures, and indirect costs owing to loss of work days and reduced productivity. Given the high prevalence of DED worldwide, the overall humanistic and economic burden is likely to be considerable. However, no systematic review of the evidence across geographic regions has been carried out to comprehensively assess this burden. Such a review is needed to improve understanding of the extent of and gaps in the current literature on the burden of DED and to help identify future research needs. We therefore conducted a systematic literature review to evaluate the burden of DED and its components from an economic and health-related QoL (HRQoL) perspective, and to compare the evidence across Europe (France, Germany, Italy, Spain, and the United Kingdom), North America (the United States) and Asia (Japan, China).
II. METHODS A. Search Methods
PubMed/Medline, Embase, EconLit, Database of Abstracts of Reviews of Effects, National Health Service Economic Evaluation Database, Health Technology Assessment database, and Evidence Review Group reports were searched for literature on the economic or HRQoL burden of DED published from January 1998 to July 2013. The search was limited to published articles, supplemented with Internet searches to identify additional data when necessary (e.g., treatment guidelines not indexed in publication databases). Proceedings from conferences and clinical trial registries were not considered. The search terms for PubMed are shown in Table 1 ; other databases were searched using comparable terms.
B. Selection Criteria
Article selection criteria included English language articles and reports of original data relevant to the economic or HRQoL burden of DED in at least one of eight prespecified countries: China, France, Germany, Italy, Japan, Spain, the United Kingdom, and the United States. 
C. Data Collection and Extraction
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines were followed. One reviewer screened all titles and abstracts retrieved from the database searches, followed by full-text review of selected articles. References of systematic reviews and other articles were manually searched for additional appropriate citations. A standardized table was used to extract and record relevant data from selected publications, including author/year/journal, study objective, brief description of the study population, study outcome, key summarized findings, and study limitations.
III. RESULTS
Of 76 titles/abstracts reviewed on the economic burden of DED and 263 on the HRQoL burden, 12 and 20 articles, respectively, met the selection criteria as stated in the Methods section, and were included in the review (Figure) . Tables 2 and 3 provide a summary of the literature identified. In a narrative synthesis of the results, findings on the economic burden of DED are presented according to total direct medical costs, treatment utilization/costs, and productivity loss and indirect costs, which are split further by geographic region. Of the 12 articles describing economic burden, only 4 5-8 gave the costs of over-the-counter preparations. Findings on the HRQoL burden of DED are presented by geographic region.
A. Economic Burden of DED 1. Total Direct Medical Costs a. Europe
In the European countries of interest, our literature search identified a single source of data on direct medical costs. This was a cost analysis study in which the cost of DED for 2003 to 2004 was investigated in France, Germany, Italy, Spain, Sweden, and the United Kingdom. (Swedish data are not reported because Sweden was not among the prespecified countries for this review.) 9 Clegg et al performed a systematic literature search followed by interviews to evaluate the management practices of 23 randomly selected consultant ophthalmologists. The total annual cost of ophthalmologist-managed care for 1,000 patients with DED was estimated to range from US $0.27 million in France to US $1.10 million in the United Kingdom. This estimate includes the cost of specialist visits, diagnostic tests, and pharmacologic and surgical interventions, with the proportions of each differing across countries. The largest proportion of costs was accounted for by prescription drugs in Germany and the United Kingdom, diagnostic tests in Italy, and specialist visits in France and Spain.
b. United States
In the United States, a key source of data on the economic burden of DED (extracted for 2008) is a study by Yu et al among 2,171 patients with DED recruited from the Sjögren's Syndrome Foundation and Harris Interactive's Harris Poll. 8 With the assumption that treatment would not change significantly over 1 year, a decision analytic model was used to calculate the annual cost of managing a cohort of patients with DED. Direct costs consisted of ocular lubricant treatment, cyclosporine, punctal plugs, physician visits, and nutritional supplements. The annual total direct cost for DED to the US health care system was estimated to be US $782,673 for a cohort of 1,000 patients. 8 Factoring in the estimated number of individuals aged 50 years or older with DED in the United States (men, 1.68 million; women, 3.23 million 10, 11 ), the overall burden of DED on the health care system was calculated at US $3.84 billion. Direct costs also increased with disease severity; the average annual direct medical cost per patient for those with mild, moderate, and severe DED symptoms was estimated at US $678, US $771, and US $1,267, respectively. 8 In a second large US study, data for patients with DED that initiated treatment with topical cyclosporine (Restasis Ò , Allergan, Inc., Irvine, CA) or punctal plugs were analyzed from a research database containing health plan enrollment, medical claims, and pharmacy claims data (extracted for 2004e2005). 12 Of the commercial health plan enrollees who met inclusion criteria, 9,065 had received topical cyclosporine and 8,758 had received punctal plugs. The annual total mean health plan costs were US $3.05 million for the topical cyclosporine cohort (US $336 per patient) and US $3.28 million for the punctal plug cohort (US $2.24 million [US $256 per patient] for initial punctal plug procedures and an additional US $1.04 million [US $307 per patient] for subsequent procedures during the 365-day follow-up period).
c. Asia
The literature on direct costs in Asia is more limited than in Europe and the United States, with no studies from China and only one small cohort study in Japan. In this study, Mizuno et al evaluated direct DED-related costs for 2008 among 118 patients with DED using outpatient medical records and survey questionnaires. 6 Direct costs were composed of medical and drug costs, including costs related to artificial tear use and punctal plugs. Direct annual costs per patient were estimated at U52,467 (US $530), comprising clinical costs of U16,318 (US $165), drug costs of U32,000 (US $323), and costs for punctal plugs of U4149 (US $42).
Treatment Utilization and Costs a. Europe
In the study by Clegg et al, the cost of prescription drugs varied across France, Germany, Italy, Spain, and the United Kingdom, with the cost per 1,000 patients with DED ranging from US $22,000 in France to US $535,000 in the United Kingdom for 2003 to 2004. 9 It should be noted when comparing these data with other regions that topical cyclosporine (which was associated with an increase in prescription costs after its introduction in the United States 13 ) is not currently available in Europe.
b. United States
Of the US literature identified, two studies examined overall DED-related prescription costs. 13, 14 A retrospective study by Galor et al reviewed the expenditures of 147 participants in the Medical Expenditure Panel Survey (a subsample of the US National Health Interview Survey). This study showed that the total number of prescriptions for treatments for DED increased substantially after the introduction of topical cyclosporine in 2003, 13 with the cost associated with DED prescription medications increasing from a mean US $55 per patient per year in 2001-2002 to US $299 per patient per year in [2005] [2006] . The Medical Expenditure Panel Survey also showed that mean annual DED medication expenditure per patient for females was twice that of males (US $244 vs US $122; P<.0001), while age was not found to be a significant factor after controlling for other covariates. In the second study, which was 
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, the annual cost of using palliative medications, punctal plugs, and surgery to manage and treat DED was estimated to be US $357,050 for an organization covering 500,000 lives. 14 Three additional studies investigated the cost and cost-effectiveness of treatment with topical cyclosporine. 5, 12, 15 Notable among these was the claims analysis by Fiscella et al, which reported mean treatment cost per patient at US $336 for topical cyclosporine and US $375 for punctal plug procedures in the 1-year follow-up period (2004e2005). 12 One further study reported unit costs of medications, surgical procedures, and health care professional visits for patients with DED in 2003. 7 
c. Asia
As reviewed above, Mizuno et al estimated that in Japan, the total annual direct drug cost per patient was U32,000 (US $323), and the annual cost of punctal plugs was U4,149 (US $42) in 2008. 6 It is worth noting that these costs were estimated before diquafosol ophthalmic solution (DiquasÔ, Santen Pharmaceutical Co., Ltd., Osaka, Japan) became available in Japan in 2010, so drug costs might be expected to be higher after this date. Topical cyclosporine also was unavailable in Japan at the time of the study. Our literature search did not identify any studies reporting treatment utlization or costs in China.
Productivity Loss and Related Indirect Costs a. Europe
No literature was identified reporting on DED-related productivity loss or indirect costs in Europe.
b. United States
We identified four studies from the United States that examined productivity loss and indirect costs related to DED. 8, 14, 16, 17 In the study by Yu et al, the average annual indirect DED cost to society for 2008 was estimated at US $11,302 per patient owing to reduced productivity. 8 The authors estimated that this corresponds to a total burden of productivity loss and related indirect cost of US $55.4 billion in the United States. The study also measured reductions in productivity owing to absenteeism (the loss of working time owing to absence or leaving early) and presenteeism (impairment at work/reduced on-the-job effectiveness) using the Work Productivity and Activity Impairment Questionnaire. The level of both presenteeism and absenteeism differed according to the severity of DED: the number of days lost per year owing to affected performance was estimated at 91, 94.9, and 128.2 days for mild, moderate, and severe DED, respectively, and the estimated direct number of work days lost per year was 8.4, 3.7, and 14.2 days, respectively. 8 In a cross-sectional, web-based survey that also used the Work Productivity and Activity Impairment Questionnaire, reduced productivity while at work was reported at all levels of disease severity (mild, moderate, and severe DED). 17 Further evidence of the negative impact of DED on work productivity was provided by a study published in 2000, in which patients with DED reported 184 work days of reduced productivity per year (estimated at US $5,362 per individual).
14 Another study reported that a sample of SS patients with DED worked 208 days of the year with DED symptoms and were absent from work for 5 days owing to their DED symptoms/treatment. 16 
c. Asia
Only one study reporting the impact of DED on work productivity was identified from Japan, with no studies from China. In the Japanese study, the impact of DED on the work productivity of 355 office workers was evaluated using the Japanese version of the Work Limitations Questionnaire (cost extracted 2011). 18 Participants were grouped into four categories according to diagnosis by an ophthalmologist and subjective symptoms. These were definite DED (diagnosis and symptoms), marginal DED (diagnosis but no symptoms), self-reported DED (symptoms but no diagnosis), and controls (no diagnosis or symptoms). Productivity was significantly lower in participants with selfreported DED compared with controls (P<.05), with the annual cost of work productivity loss associated with DED estimated at US $741 (U59,758) per patient.
In addition, work performance in the self-reported DED group was significantly lower compared with controls (P<.05; work performance loss: self-reported DED, 6.06%, controls, 4.27%).
B. HRQoL Burden of DED
The studies meeting our selection criteria for inclusion in the systematic review quantitatively and qualitatively assessed HRQoL in patients with DED using a variety of instruments, including DED-specific, vision-specific, generic, work productivity, and anxiety/depression instruments. These instruments are summarized in Table 4 for reference.
Europe
Overall, we identified 11 studies in Europe that reported HRQoL measures either in patients diagnosed with DED [19] [20] [21] [22] [23] or those with primary SS. [24] [25] [26] [27] [28] [29] The studies conducted in SS patients did not distinguish the burden attributable to DED from that due to other aspects of SS. We included these studies on the basis that DED is a key clinical manifestation of SS. 2, 30 However, it should be noted that the DED in SS is generally more severe than non-SS DED 31 and therefore the burden is likely to be greater. All 11 studies demonstrated a significant negative effect of DED/primary SS on at least some aspects of HRQoL.
The most frequently used DED-or vision-specific instrument was the Ocular Surface Disease Index (OSDI), which is designed to assess DED-related HRQoL across three subscales: ocular symptoms, vision-related activities of daily living, and environmental triggers. A cross-sectional casecontrol study reported significantly higher (worse) OSDI total scores and significantly lower (worse) 25-item Visual Function Questionnaire (VFQ-25) scores in patients with DED compared with controls. 22 Three prospective studies also reported significantly worse OSDI overall scores for the ECONOMIC AND HUMANISTIC BURDEN OF DRY EYE DISEASE / McDonald, et al THE OCULAR SURFACE / APRIL 2016, VOL. 14 NO. 2 / www.theocularsurface.com Clinical index of disease activity measurement based on the assessment of 12 organ domains (constitutional, lymphadenopathy, glandular, articular, cutaneous, pulmonary, renal, muscular, peripheral nervous system, central nervous system, hematological, and biological; 0e123 scale; higher scores indicate worse disease activity)
Index of the mean score of key primary SS symptoms: dryness, pain, and fatigue (0e10 scale; higher scores asociated with worse disease activity) IDEEL 36 57 questions comprising three modules: dry eye symptomrelated bother, impact on daily life, and treatment satisfaction (0e100 scale; higher scores indicate better QoL, worse symptoms, and better treatment satisfaction)
Patient-reported index consisting of 12 questions covering three domains: ocular symptoms, vision-related function, and environmental triggers (0e100 scale; 0¼no disability, 100¼complete disability)
Psychometric response scale used to grade a specific disease symptom or attitude, e.g., ocular discomfort, dryness (0 e100 mm scale; 100 mm maximum)
VFQ-25 60 25-item version of the 51-item NEI-VFQ. Consists of five nonvisual domains (general health, mental health, dependency, social function, role limitations) and seven visual domains (general vision, distance vision, peripheral vision, driving, near vision, color vision, and ocular pain; 0e100 scale; 0¼worst, 100¼best) Generic HAQ 61 Eight domains of physical function; ability to perform daily activities is rated on a five-point scale (0¼without difficulty; 4¼unable to do) EQ-5D 62 Five measures of health outcome are assessed (mobility, selfcare, usual activities, pain/discomfort, and anxiety/depression; 0e100 scale; higher scores indicate better overall health status)
Index that measures average daytime sleepiness (0e24 scale; score !10 indicates excessive level of daytime sleepiness) SF-36 64 36 questions yield a profile of two health component summary measures (PCS and MCS) and eight health domain scales: role-physical, role-emotional, vitality, mental health, social functioning, bodily pain, physical functioning, and general health (0e100 scale; higher scores indicate better self-perceived health)
Utility assessment questionnaire 38 Tool for quantifying the relative impact of a specific disease on HRQoL. Utility values can be measured by methods such as SG or TTO (adjusted to scores from 1.0¼perfect health to 0.0¼death; scores closer to 1.0 indicate better QoL) [20] [21] [22] [23] In two of these studies, results were given for individual OSDI subscales, all of which were shown to be significantly worse than controls. 20, 21 A further study that included the OSDI reported correlation between patient-assessed severity and OSDI scores (P¼.0005). 19 The primary aim of this study was to assess utility values associated with DED; results showed that severe dry eye utilities were comparable with those reported for dialysis and severe angina. Overall ocular health also was shown to be lower in patients who self-rated themselves as severe compared with those who self-rated themselves as mild/moderate according to VFQ-25 scores.
Among the generic HRQoL instruments, the most frequently used was the 36-item Short-Form Health Survey (SF-36) questionnaire, which assesses various aspects of HRQoL (role-physical, role-emotional, vitality, mental health, social functioning, bodily pain, physical functioning, and general health). Two studies reported lower (worse) scores across all eight SF-36 scales in patients with primary SS compared with population-based control reference values 24 or normative community data. 28 A third UK survey reported that patients with primary SS had significantly worse SF-36 and World Health Organization Quality of Life-BREF scale scores compared with controls. 25 In a UK study that evaluated patients with primary SS using the Health Assessment Questionnaire (HAQ), greater functional impairment (higher HAQ scores) in patients with primary SS versus controls was reported across all domains of activity (P¼.0002 for HAQ total scores). 26 Functional impairment also was found to be significantly associated with the following clinical features of primary SS: fatigue, pain, overall symptom burden, systemic disease activity, dryness, depression, and HRQoL (all P<.0001).
Two studies in Europe used anxiety/depression instruments to assess the impact of primary SS. 27, 29 One study reported that the mean Hospital Anxiety and Depression Scale score for depression in patients with primary SS was significantly higher (worse) compared with controls, although that there was no significant difference in scores for anxiety. 29 A second study from Italy reported that patients with primary SS had similar scores on the Zung Selfrating Anxiety/Depression Scales (corresponding to borderline depression/anxiety) compared with those in patients with systemic lupus erythematosus. 27 
United States
We identified eight studies in the United States that assessed the impact of DED on HRQoL, all of which demonstrated a significant negative effect of DED on some aspects of HRQoL.
Five US studies evaluated HRQoL measures according to DED severity. [32] [33] [34] [35] [36] In a validation study of VFQ-25, in which DED severity was classified according to the European criteria for keratoconjunctivitis sicca, a significantly lower (worse) mean ocular pain subscale score was reported for patients with moderate to severe DED compared with patients with milder DED. 33 A second US study assessed the relative burden of DED in patients with non-SS DED and SS versus a US normative sample by recruited severity (control, non-SS DED, SS) based on previous diagnosis, patient self-report (none, very mild/mild, moderate, severe/ extremely severe), and clinician report (none, mild, moderate, severe). 37 DED consistently caused bodily pain and decreased role-physical, vitality, and general health scores on the SF-36 subscales, but the impact was only clinically significant (effect size, <0.2) when DED symptoms were reported as moderate or severe. Impairments in physical and social functioning were generally greater for patients with SS compared with those with non-SS DED. In addition, mental health in patients with non-SS DED and SS was unaffected by DED symptoms when DED severity was assessed by the clinician. However, in patients who self-reported their symptoms as severe, a negative effect was reported on mental health (effect size, e0.14).
Further evidence relating to the effect of DED severity on HRQoL is provided by three studies that used the DED-specific Impact of Dry Eye on Everyday Life (IDEEL) instrument. This instrument consists of 57 questions covering three domains: dry eye symptom bother, impact on daily life (including daily activities, emotional impact, and impact on work), and treatment satisfaction. In a prospective clinical trial, the mean IDEEL-symptom bother score at baseline correlated with self-assessed DED severity. 34 In two IDEEL validation studies in which DED severity was evaluated according to diagnosis (non-SS DED, SS, control), patient report (none, very mild, mild, moderate, severe, extremely severe), and clinician report (none, mild, moderate, severe), significant differences between severity levels were observed with most IDEEL, SF-36, and EuroQol 5-Dimension scores. 35, 36 A utility assessment study conducted in patients with mild, moderate, or severe DED assessed the impact of DED on HRQoL using the time trade-off method. The results from this study suggest that the impact of moderate to severe DED on patients' HRQoL is similar to that of moderate to severe angina and that the impact of severe DED is similar to severe angina. 38 Two further US studies demonstrated that DED has a negative impact on activities of daily living. 39, 40 In one of these, subsets of participants from the Women's Health and Physicians' Health studies were sent an 11-item questionnaire that included questions on the impact of DED on QoL. The results indicate that patients with DED were approximately three times more likely to have problems with reading, engaging in professional work, using a computer, watching television, or driving. 39 A second study that used the Dry Eye Disease Impact Questionnaire to survey 45 women with primary or secondary SS demonstrated that DED has a negative effect on lifestyle and leisure activities as well as effectiveness at work. 40 
Asia
The literature from Asia on the impact of DED on HRQoL is limited, with our search identifying no studies from China, and only one multicenter study from Japan. This study reported that some patients with DED had extremely low scores (poor QoL) on the Japanese version of the VFQ-25. 41 In addition, the physical component summary and mental component summary on the 8-item Short-Form Health Survey were lower (worse) than those of healthy individuals. However, the differences between patients with SS and non-SS DED were not significantly different.
IV. DISCUSSION
DED is a chronic and often under-recognized ocular condition for which the economic and HRQoL burden can be substantial. This systematic review provides a comprehensive assessment of the available literature on the economic and humanistic burden of DED in countries across Europe, North America, and Asia.
Overall, the literature search identified only 12 and 20 articles fulfilling study criteria on the economic and HRQoL burden of DED, respectively. These numbers highlight the need for additional research on the burden of DED. Furthermore, most of the economic data were based on costs extracted before 2008, indicating that, in particular, up-todate estimates of health care resource utilization and costs associated with DED are needed. The majority of economic data were from the United States (nine of 12 articles), and HRQoL data were predominantly from Europe (11 articles) and the United States (eight articles). Our literature search identified only three studies from Japan on the economic and humanistic burden of DED, and no studies from China. This is a major gap in research, particularly as the prevalence of DED in Asia may be relatively high compared with Western countries. 42, 43 Despite the limitations of the published evidence, the available literature suggests that DED has a substantial economic burden, with indirect costs making up the largest proportion of the overall cost owing to a substantial loss of work productivity. In the United States, DED is estimated to cost US $3.84 billion from the payer's perspective and as much as US $55.4 billion to society. 8 However, the true cost of DED to society may be higher, given the widespread use of over-the-counter artificial tears by individuals with DED symptoms. Only four articles from our literature search took account of the cost of over-the-counter preparations. Of these, Brown et al 44 gave the annual cost of artificial tears as US $96 per patient. In a review article that did not meet our search criteria, Gayton et al estimated that in the United States, 7 to 10 million people spend an average US $320 per year on artificial tears. 45 While DED costs vary between countries, the results of the economic burden of DED across regions are very broadly comparable. For example, annual direct cost per patient, averaged across France, Germany, Italy, Spain, and the United Kingdom, is estimated at US $664, 9 US $783 in the United States, 8 and US $530 in Japan. 6 Drug costs also were found to be comparable across regions (Europe, US $218 9 ; United States, US $299 13 ; Japan, US $323 6 ). However, the cost of DED owing to loss of productivity was estimated to be higher in the United States compared with Japan (US $5,362 vs $741 per patient). Given the higher prevalence of DED in women compared with men, 11, 46 this may reflect the lower female employment rates in Japan compared with the United States, with approximately 70% of Japanese ECONOMIC AND HUMANISTIC BURDEN OF DRY EYE DISEASE / McDonald, et al women leaving the workforce after giving birth to their first child compared with approximately one-third in the United States. 47 Work productivity costs were not available for Europe.
The available evidence suggests that DED has an adverse effect on overall HRQoL, function, activities of daily living, and work productivity across the countries examined. A number of studies also indicated that the HRQoL burden increases with the severity of disease. Indeed, results from two utility assessment studies showed that utilities for severe DED are similar to those reported for severe angina. 19, 38 Given the demonstrable effect of DED on HRQoL, we believe that the evaluation of HRQoL measures during assessment in the clinic and during the evaluation of new treatments for DED should be undertaken routinely in order to fully elucidate disease severity and impact.
The evidence for the impact of DED on mental health is more limited, with only two studies in Europe using instruments designed to address this question. 27, 29 Unfortunately, these studies were conducted in SS patients and the burden of DED was not separated from other aspects of SS. Results reported from studies outside of this review (as they did not meet the prespecified search criteria) suggest that DED may indeed be associated with depression. 48, 49 The possible association of depression with DED is an important consideration for clinicians treating patients with DED, and may be the result of chronic pain and the negative effects of DED on the patient's QoL, function, and ability to perform everyday activities.
An inherent limitation to our systematic review is that there is significant variability in methods/reporting across the studies identified, including the DED identification/categorization methods, patient ages, time of assessments, methods of data collection/reporting, and HRQoL instruments used. This variability limits comparability of identified data. Another limitation of our literature search was that the upper limit of the search was July 2013, so relevant articles after that date would not have been captured. In addition, because a significant number of the articles we reviewed contained data extracted before 2008, estimates of the economic impact and costs for medical treatment and medications for DED are expected to be higher. Older studies might have underestimated the incidence of DED if MGD was not considered part of the definition of DED, as per the 2007 International Dry Eye Workshop (DEWS) 2 and International Workshop on MGD. 50 In addition, it is known that some DED patients with objective evidence of DED may have an absence of specific symptoms. 51, 52 This could also lead to an underestimation of DED when classification relies on patient self-report.
V. CONCLUSIONS
Although published data are limited, the available evidence suggests that DED has a substantial negative impact on physical, and potentially psychological, function and QoL, resulting in a large humanistic burden on patients. In addition, DED has a substantial economic burden, with indirect costs making up the largest proportion of the overall cost. Additional data are needed, particularly in Asia, in order to gain a better understanding of the burden of DED and help inform future resource utilization.
